One in 5 pregnant women is obese but the impact on later health is unknown. We aimed to determine whether maternal obesity during pregnancy associates with increased premature mortality and later life major cardiovascular events. Maternity records of women who gave birth to their first child between 1950 and 1976 (n=18 873) from the Aberdeen Maternity and Neonatal databank were linked to the National Register of Deaths, Scotland and Scottish Morbidity Record. The effect of maternal obesity at first antenatal visit on death and hospital admissions for cardiovascular events was tested using time-to-event analysis with Cox proportional hazard regression to compare outcomes of mothers in underweight, overweight, or obese body mass index (BMI) categories compared with normal BMI. Median follow-up was at 73 years. All-cause mortality was increased in women who were obese during pregnancy (BMI>30 kg/m 2 ) versus normal BMI after adjustment for socioeconomic status, smoking, gestation at BMI measurement, preeclampsia, and low birth weight (hazard ratio, 1.35; 95% confidence interval, 1.02-1.77). In adjusted models, overweight and obese mothers had increased risk of hospital admission for a cardiovascular event (1.16; 1.06-1.27 and 1.26; 1.01-1.57) compared with normal BMI mothers. Adjustment for parity largely unchanged the hazard ratios (mortality: 1.43, 1.09-1.88; cardiovascular events overweight: 1.17, 1.07-1.29; and obese: 1.30, 1.04-1.62). In conclusion, maternal obesity is associated with increased risk of premature death and cardiovascular disease. Pregnancy and early postpartum could represent an opportunity for interventions to identify obesity and reduce its adverse consequences . (Hypertension. 2015;66:938-944 . The online-only Data Supplement is available with this article at http://hyper.ahajournals.org/lookup/suppl/
O verweight and obesity are a growing threat to population health worldwide. 1 During the past 2 decades, the prevalence of obesity has increased rapidly across all age groups. 2 A recent report from the American Heart Association has documented the alarmingly rapid rise in prevalence of obesity in the young, 3 which is of concern as longer cumulative exposure to adiposity could potentially lead to higher risk of premature disease. 4 Prevention of obesity at an early stage could therefore lead to much greater benefit. However, although there is a substantial literature exploring the relationship between body mass index (BMI) and mortality, most of these studies included height and weight measured in middle age; few have examined the association between adiposity in early life and cardiovascular mortality and even fewer have explored this relationship in women of reproductive age.
In the United States, 64% of women of reproductive age are overweight and 35% are obese, 2 a pattern similar to Europe. 5 Although young women are increasingly recognized as an overlooked group with disproportionately high morbidity following cardiovascular events compared with older men and women, the association between their obesity and the risk of cardiovascular disease has yet to be determined. Pregnancy results in critical changes in weight at a time when women have relatively greater contact with healthcare professionals and are highly motivated to improve their health. This could represent a window of opportunity for interventions to reduce obesity and to identify those who would benefit from primary prevention strategies for cardiovascular disease.
A recent study of 11 006 women with 37-year follow-up reported an association between self-reported BMI in pregnancy and increased coronary heart disease mortality. 6 The study included multiparous women, which may have introduced bias because of cumulative weight gain with increasing parity. 7 In addition, self-reported BMI is notoriously inaccurate. 8 We hypothesized that maternal obesity in the first pregnancy is associated with increased risk of premature death and increased cardiovascular events in later life and that increased parity would associate with greater risk. To test this hypothesis, we examined hospital admissions for cardiovascular events and death rates in 18 873 women who were pregnant with their first child between 1950 and 1976. We used a large database of pregnancy data, the Aberdeen Maternity and Neonatal Databank (AMND), linked to national death and morbidity records with a median of 50 years follow-up. The large size of the database allowed us to examine additional effects in women who had clinically diagnosed preeclampsia 9 and a baby with low birth weight, 2 pregnancy complications, which are associated with maternal obesity and also potentially maternal cardiovascular disease later in life.
Methods
Detailed description of Methods is given in the online only Data Supplement. Briefly, maternity records of women who gave birth to their first child between 1950 and 1976 (n=18 873) from the AMND were linked to the National Register of Deaths, Scotland and Scottish Morbidity Record. The effect of maternal obesity at first antenatal visit on death and hospital admissions for cardiovascular events was tested using time-to-event analysis using 2 Cox proportional hazard models to compare outcomes of mothers in underweight, overweight, or obese BMI categories with normal BMI. The first model was the standard approach in which the primary time scale was time on study (defined as time between age at delivery and event) with age at delivery included as a confounder. The second model used age as the primary time scale, 10 and age at delivery as the year at entry to control for the stronger effects of age in later life. The results of this second model are reported in the article, whereas the results of the first model were considered as a sensitivity analysis and are reported in the online-only Data Supplement. All analyses were performed (1) for all women with the first maternal weight measured at any time during pregnancy and (2) for the subset of women with first weight recorded before 20 weeks of gestation to avoid the additional influences of weight gain during pregnancy, which might be an independent risk factor for the outcomes of interest. Table S1 in the online-only Data Supplement shows the characteristics of the 18 873 women who delivered their first singleton baby at term between 1950 and 1976. A total of 17.3% (n=3260) were overweight and 2.4% (n=452) were obese. Obese women were older, more likely to smoke, and of lower social class. The gestation at which weight was first measured in the pregnancy was significantly later in obese women. The characteristics of women whose weight was measured in the first half of pregnancy were otherwise similar to the complete data set. Five thousand five hundred fifty two (29.4%) women had >1 pregnancy.
Results

Maternal Obesity and Mortality
Among the 18 873 women, there were 2005 deaths from any cause. Deaths from cardiovascular causes were 41.9%. Table 1 shows the hazard ratios and 95% confidence interval for death in offspring according to maternal BMI category. There was significantly greater all-cause mortality in mothers who were obese. In the subgroup with BMI measurements taken before 20 weeks, unadjusted hazard ratios were significantly higher in both overweight and obese mothers compared with those of normal weight and remained significant for overweight women after adjustment for social class, smoking status, gestational age at which weight was measured, preeclampsia, and low birth weight. Survival curves are displayed in Figure 1A .
Maternal Obesity and Cardiovascular Events
At the time of follow-up, 17% of women (n=3220) had been admitted to hospital with a cardiovascular event. In the complete data set, there was a significant association between maternal overweight and obesity and increased cardiovascular events in later life (Table 2; Figure 1B ). Major cardiovascular events (MACE) were significantly higher in mothers who were underweight and obese. There were also significant associations between maternal overweight and peripheral arterial disease and other cardiovascular disease and maternal obesity Table S2 ). Figure 2A shows that the hazards of women's death (all-cause mortality) were greater among women with low BMI than those with BMI of 23 kg/m 2 . The hazards ratio increased as the maternal BMI increased over 23 kg/m 2 . It can be inferred from Figure 2A that the chances of death increased with increasing maternal BMI>25 and the association was nonlinear (P<0.05). A similar pattern was observed for MACE ( Figure 2B ).
Exploring the Nonlinear Relationship of Maternal BMI and Outcomes
Analyses repeated using the time scale as time-on-study (see online-only Data Supplement) showed a similar pattern with significantly greater all-cause mortality in mothers who were obese (adjusted HR, 1.37; 95% confidence interval, 1.04-1.80). In the subgroup with BMI measurements taken before 20 weeks, hazard ratios were significantly higher in overweight mothers compared with those of normal weight. Likewise, there was a significant association between maternal overweight and obesity and increased cardiovascular events in later life (adjusted hazard ratio, 1.26; 95% confidence interval, 1.15-1.38 and adjusted hazard ratio, 1.52; 95% confidence interval, 1.22-1.90, respectively). MACE were significantly higher in women who were underweight and obese (Tables S3  and S4 ; Figures S1-S4).
Exploring the Influence of Parity and Weight Change Between Pregnancy on Outcome
Additional adjustment for parity in the models largely unchanged the associations between maternal obesity and outcomes, although hazard ratios were slightly greater (Tables 1  and 2; Table S2 ). Maternal BMI trajectories across pregnancies in the 5552 women with >1 pregnancy are shown in Figure S5 . Almost all women gained some weight between pregnancies. In general, women with higher first pregnancy BMI had a steeper increase in BMI trajectory with subsequent pregnancies than women with lower first pregnancy BMI. Subsequent analyses to look at the influence of change in BMI between first and last pregnancy were underpowered but overall were consistent with a greater adverse effect of having a first pregnancy BMI overweight or obese than having a positive change in BMI between pregnancies (Table S5 ).
Discussion
In this large cohort study, maternal overweight and obesity were strongly associated with premature death from cardiovascular disease and risk of later life MACE. Although the increased adverse health risks from obesity are accepted, controversy remains about the relationship between overweight and mortality. We found mothers who were overweight at <20 weeks of gestation also had a higher risk for all-cause mortality and hospitalization for cardiovascular disease in later life.
Our results build on existing literature describing the association between BMI and cardiovascular morbidity and mortality. Consistent with other publications, we observed a J-shaped association between BMI and all-cause mortality and hospitalization for cardiovascular events. [11] [12] [13] Most previous studies have recruited middle aged women and few have examined the association between mortality and BMI in young adulthood. [14] [15] [16] Unlike our study, which had a median 14, 15 and US National Interview Survey study 16 had a relatively short period of follow-up of <20 years. Ending follow-up before the age of highest risk would underestimate the association between BMI and cardiovascular mortality and does not take into account other cumulative factors that may alter the trajectory of risk in later life.
Our results are consistent with the one previous smaller study examining the association between BMI in pregnancy and subsequent mortality. 6 The Child Health and Development Studies Cohort had fewer years of follow-up, relied on self-reported prepregnancy BMI, and included a significant proportion of multiparous women. In our primary analysis, we selected only those women with BMI measured at their first pregnancy. Child-bearing results in a significant accumulation of weight 17 and is strongly associated with cardiovascular disease making it difficult to avoid residual confounding. 7, 18 We excluded rather than adjusted for those with prior pregnancies to eliminate the possibility that both maternal BMI and cardiovascular events are confounded by prior parity. Indeed, 29.4% of women in the study had subsequent pregnancies but inclusion of parity in the models largely unchanged the strength of many of the associations. In addition, we were able to include adjustment for low birth weight and preeclampsia, 2 pregnancy complications that have been linked to later-life cardiovascular disease, 19, 20 and which themselves are increased in women with maternal obesity. Consistent with some studies, 19 we found a significant association between low birth weight and adverse outcome, but unlike others, 20 we found none with preeclampsia. This was surprising but may reflect the relatively small sample size (n=978). Inclusion of both low birth weight and preeclampsia in our models did not significantly alter the findings, so the effect of maternal obesity on later life MACE occurs independently of pregnancy complications.
A major strength of our study was its large size and the quality of the antenatal records. Height and weight were measured at the first antenatal visit and so calculation of BMI did not rely on self-reported values, which can lead to recall bias and underestimation of BMI in overweight and obese individuals. Furthermore, linkage rates were >80%. The use of collated data from the Information and Services Division enabled us to capture events among women who moved from Aberdeen to other parts of Scotland but not those occurring outside the country. The loss of information was likely unconnected to maternal weight or death therefore its effect will have been to reduce the strength of associations rather than introducing a systematic bias. In addition, although we did not record data on comorbid disease, BMI was recorded in the women at a median age of 23 years, reflecting typical adult weight largely unaffected by pre-existing disease that may affect both weight and risk of death. Individuals are also less likely to experience adverse events early during followup when deaths are likely a result of pre-existing disease. This minimizes the potential for reverse causation and survivor bias.
A further strength of our study is the statistical approach that we used to examine time to event. There are 2 choices of time scale for a Cox proportional hazards model, time on study or age. 21, 22 Korn et al 21 proposed the use of age as the time scale (with or without adjustment for any cohort effect) for longitudinal studies and studies examining all-cause mortality to account for the fact that the aging process is associated with an increasingly higher risk of chronic diseases and mortality. The Framingham Heart study 23 used time on study as their time scale, whereas the Systematic Coronary Risk Evaluation (SCORE) project 24 used age. Our results, like those from the Framingham study, show similar estimates from both models. 25 The main limitation of our study was its reliance on height and weight measured at a single point in time. Changes in weight during pregnancy or across the lifecourse, post pregnancy exposures and other lifestyle factors that influence cardiovascular disease were not measured. We attempted to explore the influence of change in BMI between pregnancies. Although underpowered, the data suggest that the first pregnancy BMI had a stronger impact in determining outcome than the change in BMI per se. Nevertheless, as no first trimester BMI was available for many of the women, more work is needed to further interrogate the effects of change in weight between pregnancy and gestational weight gain on outcomes. Although we acknowledge that the numbers of women who were obese at first pregnancy in this study were small, these findings are of major public health concern if findings are extrapolated to the much higher levels of obesity in pregnancy seen today. With a median age of 73 at the end of followup, our cohort was relatively young and therefore it is likely that the rate of adverse events will continue to increase over time. In particular, this is at an age before the mean age at first stroke in women 26 and may explain the small number of cerebrovascular events in the study. We also only looked at hospital admissions for cardiovascular events; therefore, we only examined more severe cardiovascular disease. A further limitation is that we had no data on early adverse maternal perinatal outcomes. However, by limiting our analysis to live births, we hope to have reduced the numbers of such events. We also had no information on gestational diabetes mellitus or gestational hypertension, known risk factors for later cardiovascular disease.
Perspectives
To our knowledge, this is the largest study examining the association between maternal obesity at pregnancy (measured objectively) and cardiovascular mortality. More work is needed to understand the mechanisms, but it is thought that the spectrum of cardiometabolic changes observed in obese pregnancy 27-29 potentially unmask a vascular phenotype that may reemerge in later life with adverse cardiovascular events. In a previous study, we demonstrated an association between maternal obesity and cardiovascular mortality in the adult offspring of overweight and obese mothers. 30 Here, we find that the adverse effects of obesity in pregnancy also have an adverse impact on maternal health. With the rising rates of maternal obesity, our findings of an association between maternal overweight and obesity and premature death in later life is a major public health concern. Pregnancy and the early postpartum period are key episodes in a woman's life when critical changes to weight coincide with close contact with healthcare professionals and a strong motivation to improve her health. This could represent an important window of opportunity to identify women at risk and reduce the shift to obesity. What Is New?
• Using maternity records of women who gave birth to their first child between 1950 and 1976 from the Aberdeen Maternity and Neonatal databank linked to the General Register of Deaths, Scotland and the Scottish Morbidity Record systems, with median follow-up of 73 years, we showed that maternal obesity in pregnancy is associated with an increased risk of premature death and cardiovascular disease in later life.
What Is Relevant?
• Obesity in middle age is recognized as cardiovascular risk factor but few studies have examined the long-term effects of obesity in young adult women. One in 5 women is currently obese at antenatal booking and pregnancy could represent a window of opportunity for interventions to identify obesity and reduce its adverse consequences.
METHODS
Ethics statement
Ethical approval was obtained from the North of Scotland Research Ethics Service (REC reference: 10/S11034/15). Approvals were also obtained from the steering committee of the AMND and the Privacy Advisory Committee of ISD, Scotland.
Subjects and methods
The Aberdeen Maternity and Neonatal Databank (AMND) has recorded information on all obstetric related events in women living in Aberdeen, Scotland since 1950 (detailed at www.abdn.ac.uk/amnd). In this cohort analysis, the exposure was maternal obesity during pregnancy and the outcomes were all cause mortality and hospital admission with a cardiovascular event (defined below) in later life. We identified all women from the AMND who delivered their first live singleton baby at term (≥37 weeks' gestation) between 1950 and 1976 and who had their weight recorded at their first antenatal visit. The women were grouped according to their BMI, calculated from height and weight measured at their first antenatal visit, using World Health Organisation criteria: underweight (BMI<18.5 kg/m 2 ), normal weight (BMI 18.5-24.9 kg/m 2 ), overweight (BMI 25-29.9 kg/m 2 ), and obese (BMI≥30 kg/m 2 ). Women's records were linked to the General Register of Deaths, Scotland, and the Scottish Morbidity Record systems (SMR01) of the Information and Services Division, NHS Scotland, by probability matching on name, date of birth, and postcode (zip code) to identify specific death and all hospital admissions for cardiovascular events. Where the community health index (CHI) number was available in the registers, this unique identifier was used for deterministic matching.
Study Outcomes and follow-up
We defined cardiovascular events in women according to hospital discharge data codes (ICD, international classification of diseases versions 9 and 10) consistent with angina (I20), myocardial infarction (I21-I23, I25), stroke (I61, I63, I64), other cerebrovascular disease (I60, I62, I65-69), transient ischaemic attack (G45), peripheral artery disease (I70-I79), and other cardiovascular disease (I00, I01, I02, I05-I13, I15, I26-I28, I30-I52, I80-I89, I95, I97,  I98 , I99, Z95, R074, M31). Major Adverse Cardiovascular Event (MACE) was defined as a composite of death, myocardial infarction, stroke or peripheral arterial disease, whichever occurred first. All women included in this study were followed up from their first antenatal visit between 1950 and 1976 up to the 1 st January 2012 (see Flow chart).
Flow Chart of Population Selection
Statistical analysis
Data were analysed with SPSS version 21.0 (SPSS Inc., Chicago, IL, USA) and Stata version 13 (Stata Corp, Texas). Chi-square, ANOVA and Kruskal-wallis tests were used to compare baseline characteristics of women across the different BMI categories. Two Cox proportional hazards models were used to examine the relationship between BMI and time to mortality/cardiovascular event/MACE or censoring. The first model was the standard approach in which the primary time scale was time on study (defined as time between age at delivery and 'event') with age at delivery included as a confounder. The second model used age as the primary time scale, and age at delivery as the year at entry in order to control for the stronger effects of age in later life. The results of this second model are reported in the paper, whilst the results of the first model were considered as a sensitivity analysis and are reported in the supplement. In the second set of analyses, to model the non-linear relationship between maternal BMI at pregnancy and mortality/MACE, a restricted cubic spline (RCS) procedure was adopted. This uses multiple polynomial line segments within the range of BMI, the boundaries of these line segments being called knots. Two internal knots were considered for the model at maternal BMI values of 21.3 and 23.6 with two boundary knots at 14.6 and 44.5. The mean maternal BMI in the data was 22.8 kg/m 2 so BMI 23 kg/m 2 was taken as the reference value in the calculation of the hazards of mortality/ MACE. A spline function was assumed to be significant if the p-value for the model chisquare was < 0.05 and the association was assumed to be non-linear if the spline coefficients differ significantly from each other based on the Wald test for linearity.
All analyses were done (i) for all women with the first maternal weight measured at any time during pregnancy and (ii) for the subset of women with first weight recorded before 20 weeks' gestation to avoid the additional influences of weight gain during pregnancy, which might be an independent risk factor for the outcomes of interest.
To examine the influence of parity on outcomes we first included adjustment for parity in all models described above.
A group-based trajectory modelling, also referred to as a semi-parametric mixture model was applied using traj plugin in Stata to identify maternal BMI trajectories across pregnancies. We then examined all outcomes according to change in maternal BMI between first and last pregnancy among women with more than one pregnancy, using women who had gained or lost less than 1 BMI unit (weight stable) as the reference category. A p-value < 0.05 was considered to be statistically significant throughout all analyses. 
Figure S5 BMI trajectories across pregnancies among 5552 women with more than one pregnancy
The semi-parametric mixture model utilises the first BMI at each pregnancy and considers each of the woman's trajectories and group similar trajectories together as clusters so that the women within the trajectory-cluster have similar trajectories and different between cluster trajectories. The model identified six different BMI trajectories (each trajectory indicated by different coloured line).
